We describe the scenario of massive black hole (MBH) formation inside a supermassive star (SMS) in the galactic nucleus. A SMS is naturally formed in the dynamically evolving galactic nucleus after collisional destruction of normal stars. The survived neutron stars (NSs) and stellar mass black holes form a compact self-gravitating subsystem deep inside the SMS. This subsystem is short-lived in comparison with the host SMS and collapses into the MBH. Frequent NS collisions in this nearly collapsing subsystem are accompanied by the generation of multiple ultra-relativistic fireballs. Ram pressure of multiple shocks produced by these fireballs supports a quasi-stationary rarefied cavity inside the SMS, which is a suitable place for particle acceleration. Only the secondary high-energy neutrinos escape from the SMS interior. The resulting high-energy neutrino signal can be detected by underground neutrino telescope with an effective area S ∼ 1 km 2 and can give the evidence for MBH formation in the distant galactic nucleus. The duration of maximal activity of the described high-energy hidden neutrino source is ∼ 0.1 − 1 yr. 
Introduction
High-energy (HE) neutrino radiation from astrophysical sources is accompanied by other radiations, most notably by the HE gamma-radiation. This HE gamma-radiation can be used to put upper limit on the neutrino flux emitted from a source. For example, if neutrinos are produced due to interaction of HE protons with low energy photons in extragalactic space or in the sources transparent for gamma radiation, the upper limit on diffuse neutrino flux I ν (E) can be derived from electro-magnetic cascade radiation (see e. g. Berezinsky et al. 1990 ). However, there can be the "hidden sources' sources, in which an accompanying electromagnetic radiation, such as gamma and X-rays, are absorbed. Several models of hidden sources were proposed in the past: Young SN shells Berezinsky and Prilutsky (1987) during time t ν ∼ 10 3 − 10 4 s are opaque for all radiation except of neutrinos. The Thorne-Zytkow star Thorne and Zytkow (1977) , the binary with a pulsar submerged into a red giant, can emit HE neutrinos while all kinds of electromagnetic radiation are absorbed by the red giant component. Cocooned massive black hole (MBH) in AGN Berezinsky and Ginzburg (1981) is an example of AGN as hidden source: electromagnetic radiation is absorbed in a cocoon around the massive black hole. AGN with standing shock in vicinity of the MBH Stecker et al. (1991) can produce large flux of HE neutrinos accompanied by relatively small flux of X-ray radiation.
Recently we proposed (Berezinsky and Dokuchaev 2001 , Paper 1) the model of very powerful but short lived hidden neutrino source which originates from a near collapsing galactic nucleus just prior to its collapse into the MBH. In this model it is supposed that MBH is formed by the natural dynamical evolution of the central stellar cluster in the normal galactic nucleus. Dynamical evolution of dense central stellar clusters in the galactic nuclei is accompanied by the growth of the velocity dispersion of constituent stars v or, equivalently, by the growth of the central gravitational potential φ ∼ v 2 . This process is accompanied by the contraction of the stellar cluster and terminated by the formation of the MBH, when the velocity dispersion of stars grows up to about speed of light, v ∼ c, or equivalently, when the radius of the stellar cluster shrinks reaching approximately the gravitational radius (see for a review e. g. Rees (1984) and references therein). During its evolution to a MBH the dense galactic nuclei inevitably proceed through the stellar collision phase of evolution (Spitzer and Saslaw 1966; Spitzer 1971; Rees 1984; Dokuchaev 1991) , during which most of normal stars in the cluster are disrupted in mutual collisions. Direct collision of two stars ends with their complete destruction if their relative kinetic energy exceeds the gravitational bound energy of stars. This destruction takes place when virial velocity of constituent stars in the evolving cluster become high enough, namely v ≥ v esc = (2Gm * /r * ) 1/2 , where v esc is the escape velocity from the surface of star with mass m * and radius r * . For a solar type star the escape velocity is v esc ≃ 620 km s −1 . In the cluster with v > v esc the normal stars are eventually disrupted in mutual collisions or in collisions with the extremely compact stellar remnants: neutron stars (NSs) or stellar mass black holes (BHs). Only these compact stellar remnants survive the stellar-destruction stage of evolution (v ≃ v esc ) and may form the self-gravitating core. We shall refer to this core as to the NS cluster. The NS cluster continues to contract, being surrounded by the massive envelope composed of the gas remained in the galactic nucleus after the normal stars are destroyed. This pre-AGN phase corresponds to a near collapsing central cluster of compact stars in the galactic nucleus. Repeating fireballs after numerous NS collisions in the contracting NS cluster result in the formation of a rarefied cavity in the massive gas envelope. Particles accelerated in this rarefied cavity interact with the gas in the envelope and produce secondary HE neutrinos. The accompanying gamma-radiation is fully absorbed in the case of thick enough envelope. The formed hidden HE neutrino source is short-lived and very powerful: neutrino luminosity may exceed the Eddington limit for the electromagnetic radiation. As a result the high-energy neutrinos and gravitational waves can be the observational signature of MBH formation in the galactic nucleus.
In the Paper 1 we considered the case when self-gravitating cluster of NSs in the evolving galactic nucleus is formed at the stage of collisional destruction of normal stars, i. e. simultaneously with the formation of massive gas envelope. It is possible because in the stellar cluster with a star velocity dispersion v ≃ v esc the time of collisional self-destruction of normal stars t coll appears to be of the same order as the time of NS cluster formation t df due to the dynamical friction of NSs in the gas from disrupted normal stars (see Section 3.1 for more details). In this case the newly formed NS cluster evolves much faster than the surrounding massive envelope. Correspondingly the parameters of the ambient massive gas envelope are fixed by the moment of normal stars destruction, i.e. at v ≃ v esc .
The order of magnitude equality t coll ∼ t df means that either NS cluster is formed earlier than the destruction of normal stars in the galactic nucleus or vise versa. The second possibility means that self-destruction of normal stars in the evolving cluster proceeds faster than the formation of the NS cluster due to dynamical friction of NSs in the produced gas. In this case a fast evolving supermassive stars (SMS) is formed from produced gas with individual NSs submerged in it. Correspondingly, the subsystem of NS cluster is formed later and deep inside the hosting SMS. In the following we shall elaborate the hidden source model of Paper 1 for the case of a SMS formation in the galactic nucleus. It will be shown that the hidden source of HE neutrino arises in the case of SMS formation as well but would be shorter-lived and more intense than in the scenario of NS cluster formation simultaneously with a massive envelope. The described powerful source arises at the late stage of the dynamical evolution of a typical normal galactic nucleus after formation of SMS with a central NS cluster just prior to its gravitational collapse to a MBH.
Supermassive star formation
The SMS may be formed from the gas produced in normal star self-destructions in the evolved central stellar cluster in a galactic nucleus with a velocity dispersion v ≥ v esc . The characteristic time-scale for stellar cluster dynamical evolution is the (two-body) relaxation time:
where N = 10 8 N 8 is the number of stars in the central cluster of galactic nucleus, Λ = ln(0.4N ) is the Coulomb logarithm, v is star velocity dispersion, n is star space density, m ≃ M ⊙ is typical mass of constituent stars. The corresponding virial radius of the central cluster is R = (1/2)GN m/v 2 . The first equality in Eq. (1) Lai et al. (1993) . We choose v ≃ v esc as a characteristic value for the threshold of complete destruction of two stars and production of an unbound gas cloud. So the central stellar cluster in the evolved galactic nucleus with v ≥ v esc is converted into the supermassive star (SMS). The formation of SMS due to destructive collisions of normal stars proceeds at the same time-scale as the star relaxation process, t coll (v esc ) ∼ t r (v esc ). The gas from disrupted normal stars composes the major part of the progenitor central stellar cluster in the galactic nucleus. Therefore the natural range for the mass of the formed SMS is the same as the typical range for the mass of a progenitor central stellar cluster in the galactic nucleus,i.e. M SMS = 10 7 − 10 8 M ⊙ .
A further step in the evolution of virialized SMS is gradual contraction with the constant Eddington luminosity L E = 4πGM SMS m p c/σ T , where m p is the proton mass and σ T is Thompson cross-section. The nonrotating SMS is a short living object because of its post-Newtonian instability. Strong rotation provides the stability of SMS. It is natural to assume that SMS is formed with large enough angular momentum. In this case the SMS is in the state of fast rotation with the rotation energy being an appreciable part of the SMS total energy E SMS ≃ (GM 2 SMS /2R). A characteristic evolution time of rotating SMS with radius R is Kelvin-Helmholtz time scale t SMS = E SMS /L E ∝ R −1 . Stabilization of SMS by rotation (and additionally by internal magnetic field) provides its gradual contraction toward the gravitational radius with onset of gravitational collapse followed (Zel'dovich and Novikov 1971; Shapiro and Teukolsky 1983; New and Shapiro 2001) . The maximum lifetime of the stabilized SMS is given by the Eddington time t E = 0.1M SMS c 2 /L E ≃ 4.5 · 10 7 yrs.
NS cluster inside SMS
Only compact stellar remnants such as NSs and stellar mass BHs can survive during the stellardestruction phase of evolution of galactic nucleus at v ≥ v esc and populate the interior of the newly formed SMS. For brevity we shall refer to these compact stellar remnants as to NSs. These NSs may form the self-gravitating cluster in the central part of SMS.
We approximate the distribution of gas in the SMS by polytropic model with adiabatic index γ = 4/3. For this adiabatic index the central gas density in SMS is ρ c = k c n SMS m p and central sound velocity c s,c = k s v SMS , where numerical constants k c ≃ 54.2 and k s ≃ 1.51, respectively. 
NS cluster formation
An individual NS with mass m and local velocity V spiral toward the formed SMS under influence of dissipative dynamical friction force (Chandrasekhar 1943; Ostriker 1999 ) F df = I × 4π(Gm) 2 ρ SMS /V 2 (where ρ SMS is SMS gas density), which is directed opposite to the local NS velocity V . The dimensionless function I ≃ 1 for the case of V ≃ c s , where c s is the SMS sound velocity. The corresponding effective time of a NS dynamical friction drag toward the center of the SMS is t df = V /V = mV /F df . It can be easily seen that at the moment of SMS formation (when V ∼ c s ∼ v esc ) the effective time of a NS friction drag is of the same order as the time-scale of SMS formation,
. So two distinctive cases may be realized in the evolved galactic nucleus during self-destruction of normal stars: (i) the self-gravitating and fast evolving compact NS cluster forms at the same time as the SMS and (ii) the compact NS cluster forms after the formation of the contracting SMS. In the Paper I we considered the first case of early formation of compact NS cluster on the stage of normal stars destruction (i. e. earlier than the SMS formation) when massive envelope is formed with an effective virial velocity v ≃ c s ≃ v esc . Here on the contrary we shall consider the second case of late NS cluster formation inside the formed SMS with a virial velocity v ∼ c s ≫ v esc .
We assume for simplicity that SMS contains the identical NSs with a typical NS mass m NS = 1.4M ⊙ and with the total NS cluster mass M NS = f NS M SMS . Here the NS mass fraction relative to the SMS mass is f NS = 0.01f −2 ≪ 1 and a total NS number in the cluster is
The NS dynamical friction time-scale for for a mean NS with velocity V = (GM SMS /2R) 1/2 inside the host SMS diminishes as t df ∝ R 3/2 during the evolution contraction of SMS radius R. On the contrary the evolution time-scale of SMS grows with SMS contraction, t SMS ∝ R −1 . The subsystem of NSs evolves faster than the host SMS after reaching the stage when t df ∼ t SMS . At this time all NSs sink deep to the central part of SMS and forms there the self-gravitating cluster. From approximate equality t df (R) ∼ t SMS (R) we find the SMS radius at the moment of NS cluster formation inside it:
where
, and we will use ∼ 1 in subsequent numerical estimates. A mean gas density in the SMS isn
and the corresponding mean SMS column density is
Under influence of the dynamical friction the NSs are sinking deep in the SMS until they are concentrated in the central region with some radius r = R NS ≪ R SMS . At this time the total mass of NSs becomes of order of mass of the ambient gas, M NS = (4π/3)r 3 ρ c , and the self-gravitating NS cluster is formed. Using the above relation we find the initial parameters of the newly formed NS cluster: the radius
NS cluster evolution
As it follows from equation Eq. (1), the relaxation time at the moment of NS cluster formation is t r ≃ (f NS /Λ)t SMS ≪ t SMS at f NS ≪ 1, so the subsequent dynamical evolution of NS cluster proceeds much faster than SMS contraction. Finally the dynamical evolution of NS cluster is terminated by its dynamical collapse to the MBH. For describing the specific features of our model it is enough to assume that NS cluster evolution proceeds in homologous manner depending only on two parameters, the total number of stars N and the r.m.s. velocity dispersion v. To fix the time evolution of NS cluster parameters we employ the simple analytical "evaporation" model (e. g. Spitzer and Harm 1958; Spitzer 1987; Saslaw 1987) for the dynamical evolution of star cluster. This model implies the two-body interactions of NSs in the cluster with assumption that NSs escape (evaporation) from the cluster occurs with a zero total energy. During the process of evaporation of the fast NSs the total virial energy of the cluster remains constant E = −N mv 2 /2 = const. Accordingly the star velocity dispersion in remaining cluster grows as v ∝ N −1/2 , and cluster contracts as R ∝ N 2 with a diminishing of star number N . After reaching v ≃ 0.3c, which is the onset of the NS cluster global dynamical instability, the remaining NS cluster collapses to the MBH (e. g. Zel'dovich and Poduretz 1965; Quinlan and Shapiro 1987) ). The rate of NS evaporation from the clusterṄ
where a relaxation time t r is given by Eq. (1) and constant α ∼ 10 −3 − 10 −2 according to the numerical Fokker-Plank calculations (Spitzer and Harm 1958; Spitzer 1987; Saslaw 1987; Cohn 1980) . Integration of Eq. (5) together with relation E = const gives the nondissipative evolution law due to evaporation of fast stars:
Here the cluster evolution time t ev = a ev t r , with a ev = (2/7)α −1 , is defined by the relaxation time t r at the moment of NS cluster formation t = 0 with initial parameters v = v NS and N = N NS . In the following numerical estimates we will use a ev = 10 2 a 2 with a 2 ∼ 1.
Evaporation of the fast stars is accompanied by NS collisions in the cluster. These collisions proceed most probably through the capture of two NSs into the short-lived binary due to gravitational radiative losses, with NS coalescence followed (Quinlan and Shapiro 1987) . The rate of NS collisions in the cluster (with the gravitational radiation losses taken into account) is (Quinlan and Shapiro 1987; Dokuchaev et al. 1998) :
Here r g = 2Gm NS /c 2 is the gravitational radius of NS and t cap is time between two successive collisions. We assume that each NS collision is accompanied by production of energy E = 10 52 E 52 erg with E 52 ∼ 1 in the form of relativistic fireball. These fireballs would be the central energy source inside the SMS. The star collision is a minor dissipative dynamical process in comparison with nondissipative star evaporation untilṄ cap <Ṅ ev . This inequality is equivalent to v < v cap , where
At v > v cap the dissipative processes and mass segregation of coalesced NS collisions prevail over the NS evaporation in cluster evolution Shapiro 1987, 1990 ).
Fireballs produced in NS collisions
Merging of two colliding NSs is similar to the process of their merging in a binary: the NSs are spiraling to each other due to the gravitational waves radiation, and then coalesce producing an ultra-relativistic photon-lepton fireball (Cavallo and Rees 1978; Mészáros and Rees 1992) . The energy of a fireball is E 0 = E 52 10 52 ergs with E 52 ∼ 1. The physics of fireballs was extensively elaborated in the recent years with aim of modeling the cosmological gamma-ray bursts (for review see e. g. Piran 2000 , and references therein). In our case we suppose for simplicity that fireball after the merging of NSs is (almost) spherically symmetric. The newborn fireball expands with a relativistic velocity, corresponding to the Lorentz factor Γ f ≫ 1. The important parameter of a fireball is a total baryonic mass M 0 = E 0 /ηc 2 ≃ 5.6 · 10 −6 E 52 η −1 3 M ⊙ , where baryon-loading mass parameter η = 10 3 η 3 . The maximum possible Lorentz factor of expanding fireball is Γ f = η + 1 during the matter-dominated phase of fireball expansion (Cavallo and Rees 1978; Shemi and Piran 1990) . During the initial phase of expansion, starting from the radius of the 'inner engine' R 0 ∼ 10 6 − 10 7 cm, the fireball Lorentz factor increases as Γ ∝ R, until it is saturated at the maximum value Γ f = η ≫ 1 at the radius R η = R 0 η. Internal shocks arise near R sh = R 0 η 2 , if the fireball is inhomogeneous and the velocity is not a monotonic function of radius. This condition can hold e.g. due to the fluctuations in the emission of the inner engine (Paczyński and Hu 1994; Kobayashi et al. 1997) . At R > R η the fireball expands with the constant Lorentz factor Γ f = η until it sweeps up the mass M 0 /η of ambient gas and looses half of its initial momentum. We denote the corresponding radius as R = R γ . After this moment the deceleration of the fireball starts Rees 1992, 1993) . Interaction of a single fireball with an ambient gas determines the length of its relativistic expansion. In our case the fireball propagates through the central part of SMS with gas density ρ c = k c n SMS m p which is determined by Eq. (3). Fireball expands with Γ f ≫ 1 up to the distance determined by the Sedov length for a strong shock
At r = l S the fireball decelerates and becomes mildly relativistic due to the sweeping up the mass M 0 η from the ambient gas. At the distance far beyond the Sedov radius, r ≫ l S , the fireball is accompanied by the Newtonian shock. The Newtonian shock disappears when its velocity drops below the local sound speed c s,c . The corresponding maximum shock radius produced by a single fireball with an energy E = E 0 according to Sedov self-similar shock solution (see e. g. Landau and Lifshitz 1959) is
where constant β = 0.994 for polytropic index γ = 4/3.
Stationary cavity inside the SMS

Cavity formation
The most important feature of our model is an evolutionary growing rate of random NS collisionsṄ cap in the evolving central cluster deep inside the SMS. At the same time the NS collisions produce the numerous fireballs with large energy release. The separation between successive fireballs is R cap = cṄ −1 cap . The repeating fireballs due to frequent collisions of NSs in the dense enough NS cluster can dig out the rarefied stationary cavity inside the SMS with radius R cav ≪ R SMS , which we first describe qualitatively below.
We will distinguish two stages of cavity formation: nonstationary and stationary ones. At an early nonstationary stage of cavity formation the repeating fireballs combine into the common expanding shock. This expanding shock exists until its expansion velocity u decelerates down to the sound speed of the ambient gas c s,c . Near the radius where u = c s,c the expanding shock is exhausted. This moment is the end of a non-stationary stage and its duration we denote as t ns . If lifetime of NS cluster τ NSC is larger than t ns , the evolution of the SMS enters the stationary stage. The flow of relativistic gas from the cavity cannot provide any more the velocity v > c s,c needed to support the shock ahead of the compressed shell, and the standing shock is produced near the inner boundary of of SMS, like it happens in case the relativistic wind hits a wall. In fact due to Raleigh-Taylor instability the space between the shock front and the inner boundary of SMS is strongly turbulized. The stationary cavity boundary is supported by the continues energy flux from the successive fireballs. After cavity formation the successive outgoing fireballs transform into the stationary relativistic wind far enough from the central source (colliding NSs). This relativistic wind with a total luminosity L =Ṅ cap E 0 , supports the cavity boundary in a stationary state. In fact, the durations of both stages are of the same order, t ns ∼ t s . Now we shall come over to a more detailed description of both stages.
We model the nonstationary stage of common shock expansion by the self-similar spherical shock solution for a central energy source varying in time, E = At k , with A = const and k = const (Ostriker & McKee 1995; Dokuchaev 2002 ). The particular case of k = 0 will correspond to the Sedov instant shock solution. Meanwhile the considered case of the shock from multiple fireballs corresponds to a permanent energy injection into the shock, or injection shock with a central source of constant luminosity, k = 1, L = A, E = Lt. The radius of a self-similar expanding shock grows with time as
where numerical constant β = β(γ, k) depends on the gas adiabatic index γ and k, e. g. β(4/3, 1) = 0.793 (Dokuchaev 2002) . The velocity of shock expansion is
The maximum radius of the expanding strong shock R sh is obtained from the equality u(R sh ) = c s,c by using Eqs. (11) and (12):
Respectively the maximum time of a strong shock expansion is t sh = [(2 + k)/5](R sh /c s,c ). The expansion law for a k = 1 injection shock corresponds to constant energy flux (or constant source luminosity) carried by the swept-out gas. This constant luminosity shock solution is applicable only to the early nonstationary stage of cavity formation, t < t sh .
On the late stationary stage at t ≥ t sh the boundary of the cavity is supported in a dynamic equilibrium by the relativistic wind from successive fireballs. The radius of the stationary cavity is determined from the energy flux balance on its boundary at r = R cav . The central source power or luminosity is L =Ṅ cap E 0 , whereṄ cap from Eq. (7) and E 0 = 10 52 E 52 ergs is the energy of a single fireball. After cavity formation inside R cav the central source power is carried out by relativistic wind. Correspondingly just outside R cav this energy flux is carried by the hydrodynamic flow L = 4πR 2 cav ρv(w + v 2 /2) with the gas velocity v ∼ c s,c , where c s,c and ρ c are the sound velocity and gas density in the central part of the SMS, respectively. The energy flux contains the enthalpy density w = ε + p/ρ = c 2 s /(γ − 1), where ε = c 2 s /[γ(γ − 1)], p, ρ and γ are the gas internal energy density, pressure, density and adiabatic index, respectively, because the gas produces some work under expansion. This energy flux balance relation determines at γ = 4/3 the radius of the stationary cavity:
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The cavity is supported in the stationary state only if there are simultaneously several fireballs inside it. In other words for the stationary cavity existence the time between successive fireballs is t cap =Ṅ −1 cap must be less than the cavity shrinking (or spreading) time t cav = R cav /c s,c . The necessary condition for the stationary cavity existence t cap < t cav with the help of Eqs. (7) and (14) can be written as v > v cav , where
with numerical values v cav ≃ 4.3v NS ≃ 1.8v SMS . The corresponding minimal radius of a stationary cavity is
The minimal radius of a stationary cavity R min is independent of the fraction f NS of NSs in the SMS. At the moment of a stationary cavity formation inside a SMS, v = v cav , we have respectively a NS cluster radius R(v cav ) ≃ 7. erg/s. After the formation of a stationary cavity inside the SMS we have the hierarchy of parameters R min ≪ R(v cav ) ≪ R SMS which justifies the using of SMS central values for gas density ρ c and sound velocity v s,c .
The power of the central source L =Ṅ cap E 0 ∝ v 45/7 gradually grows due to the evolutionary growing NS collision rate. So the central source evolution causes the slow expansion of the cavity with velocityṘ
which is determined by the evolution law Eq. (6). At v = v cav this velocity is small with respect of the ambient gas sound velocity,Ṙ cav (v cav ) = 5.7 · 10 −5 c s,c .
Maximal cavity size
Stationary cavity reaches its maximum radius R max at maximum luminosity of the central source and so the rate of NS collisions Eq. (7) in the evolving NS cluster. It is reasonable to assume thatṄ cap reaches its maximum at v ≃ v cap from Eq. (8) when NS cluster evolution time becomes equal to collision time t cap =Ṅ −1 cap . During this time NSs pass mostly through mutual collisions and their number in the cluster reduces drastically because of the numerous stellar mass BH formation. The corresponding maximum central source power at v = v cap due to NS collisions is
By substituting this luminosity in Eq. (14) we find the maximal radius of the cavity 
At the moment v = v cap , when stationary cavity reaches its maximal radius R max , the corresponding NS cluster radius R(v cap ) ≃ 3.6 · 10 11 a erg, and so the final shock does not influence the SMS state.
Relativistic wind in the cavity
Each relativistic fireball produced by the NS collision carries the total baryonic mass
2 M ⊙ , where fireball energy E 0 = 10 52 E 52 erg and fireball Lorentz factor Γ f = 10 2 Γ 2 . Numerous repeating fireballs produce the stationary relativistic wind in the cavity with mass fluxṀ = L/Γ f c 2 , where central source luminosity L = E 0Ṅcap and NS collision rate is from Eq. (7). Comoving density distribution in the relativistic wind is
By using Eq. (14) for cavity radius R cav we find the baryon number density at the inner cavity boundary
High-energy particles in the cavity
As it is follow from the results of Section 4.2 the 'hidden' source at its peak activity has a rarefied cavity with a maximum radius R max ≃ 3.8·10 12 a days. The gas in this cavity is turbulized by numerous inward and outward colliding shocks from the fireballs. The particles are accelerated in such media by Fermi II mechanism. There are also other acceleration mechanisms operating in the cavity, such as acceleration inside the fireballs and acceleration at the standing shock, but we shall limit our consideration by Fermi II acceleration in the turbulent media inside the cavity. We assume an existence of the equipartition magnetic field induced by the turbulence and dynamo mechanism, H 2 eq /8π ≃ ρ cav u 2 t /2, where ρ cav and u t are the gas density and velocity of turbulent motions in the cavity, respectively. Since the turbulence is induced by shocks, the spectrum of turbulence F k ∝ k −2 is valid. The basic scale of turbulence l 0 is given by the radius of the cavity R max . For the spectrum of turbulence given above, the magnetic field on each scale l is given by H l /H eq ∼ (l/l 0 ) 1/2 . Since the energy losses of accelerated particles are negligible (see below), the maximum energy of acceleration is determined by the particle confinement condition on the basic scale, E max ∼ eH eq l 0 . As a result we have
and
with l 0 ∼ R max given by Eq. (19).
The acceleration time to energy E max is determined by scattering off at the largest scales l 0 with a statistically averaged fraction of energy gain (u t /c) 2 . Assuming a mildly relativistic turbulence u t c one obtains
A typical time of energy losses, determined by pp-collisions, is much longer than t acc , and does not prevent acceleration:
where f esc ≈ 0.5 is a fraction of energy lost by the HE proton in one collision and a cross-section of pp-interaction is σ pp ≃ 3 · 10 −26 cm −2 .
Neutrino production and detection
We calculate the production of HE neutrino inside the SMS following to the results of Paper 1. Particles accelerated in the cavity interact with the gas in the SMS interior producing high-energy neutrino flux. We assume that about half of the total luminosity of the central source L max from Eq. (18) is converted into energy of accelerated particles L esc ∼ 0.5L max . As estimated in Eq. (4) the column density of the SMS, X SMS ≃ 2.3 × 10 9 M 3/5 8 g cm −2 , is a large enough to absorb all produced particles except the secondary neutrinos. The charged pions, produced in pp-collisions, with the Lorentz factors up to Γ c ∼ (σ πN n SMS cτ π ) −1 ∼ 1.5 · 10 5 M −2/5 8 freely decay in the envelope (here σ πN ∼ 3 · 10 −26 cm 2 is πN -cross-section, τ π ≃ 2.6 · 10 −8 s is the lifetime of charged pion). We assume E −2 spectrum of accelerated protons
where ζ = ln(E max /E min ) ∼ 20 − 30. About half of its energy the protons transfer to high-energy neutrinos through decays of pions, L ν ∼ (2/3)(3/4)L esc , and thus the production rate of ν µ +ν µ neutrinos is
-13 -Crossing the Earth, these neutrinos create deep underground the equilibrium flux of muons, which can be calculated as (Berezinsky 1990 ):
where the normalization cross-section σ 0 = 1 · 10 −34 cm 2 , N A = 6 · 10 23 is the Avogadro number, b µ = 4 · 10 −6 cm 2 /g is the rate of muon energy losses, Y µ (E) is the integral muon moment of ν µ N interaction Berezinsky 1990) . The most effective energy of muon detection is E µ ≥ 1 TeV (Berezinsky 1990 ). The rate of muon events in the underground detector with effective area S at distance r from the source is given bẏ
Thus, we expect a few muons per day from the single source at distance 10 3 Mpc with luminosity L max = 2L esc ≃ 2.8 · 10 49 erg/s from Eq. (18).
Discussion
The expected duration of neutrino activity for the considered hidden source is ∼ 0.1−1 yr, and a total number of recently formed hidden sources ∼ 1 inside the cosmological horizon for a suitable range of parameters. The underground neutrino detector with an effective area S ∼ 1 km 2 will observe ∼ 1 muons per day with energies E µ ≥ 1 TeV from this hidden source. Some characteristic values of the model are presented in the Table 1. Hitting the SMS interiors, fireballs dissipate part of there kinetic energy in the form of lowenergy electromagnetic radiation. This radiation is thermalized and re-emitted finally in the form of black-body radiation from the surface of SMS. It appears much more later than the HE neutrino. The thermalized radiation diffuses through the SMS with a diffusion coefficient D ∼ cl dif , where a diffusion length is l dif = 1/(σ TnSMS ). A mean time of the radiation diffusion through the SMS
yrs is much longer than the hidden source activity time t ev (v cav ) ∼ 0.3 yr. Moreover the total energy generated by the hidden source E max ≃ L max t ev ≃ 7.6 · 10 55 erg is far less than the SMS binding energy E SMS ≃ 2.9 · 10 59 erg, and so the final shock does not influence the SMS state.
The equilibrium black-body temperature on the surface of the SMS is in optical range: Note. -Parameters in the fist column respectively: velocity dispersion v in the NS cluster, evolution time-scale t ev , SMS radius R SMS , NS cluster radius R, number of NSs N , cavity radius R cav , number of fireballs N f , central source power L, central source power L/L E , shock energy E sh , 'SMS formation epoch' is a time of NS cluster formation in the SMS due to dynamical friction. 'Minimal cavity' is at v = v cav from Eq. (15) when stationary cavity is formed. Respectively 'maximal cavity' corresponds to maximal central source power at v = v max from Eq. (17) when cavity reaches its maximum radius R max from Eq. (19). All numerical values at M 8 = f −2 = a −2 = E 52 = 1. Maximal central source power is attained at v = v cap from Eq. (8).
Thus the hidden source will be seen in the sky as an extremely luminous galactic nucleus. Since we consider a model of production of high-luminosity AGN, the object is typically expected to be at high redshift, z ≃ 2 − 3, with visible magnitude m ≃ 23 − 25 at SMS luminosity L SMS ∼ 10 46 erg/s. Such a faint source is not easy identify in AGN catalogs as a powerful source, because for redshift determination it is necessary to detect the optical lines from the host galaxy, which are very weak at assumed redshift. Most probably such source will be classified as one of the numerous non-identified weak IR source or will be in the nuclei of the ultra-luminous infra-red galaxies (Soifer et al. 1987; Sanders and Mirabel 1996) .
As was shown in Section 4.1, the duration of maximal hidden source activity t s is the stationary cavity lifetime. At the state of cavity formation at v = v cav this lifetime is t ev (v cav ) ∼ 0.1 − 1 yr for a suitable range of parameters. Correspondingly the duration of the maximal hidden source activity is t ev (v cap ) ∼ 0.01 − 0.1 yr. This stage appears only once during the galaxy lifetime prior to the MBH formation in it. If to assume that a galactic nucleus turns on as AGN after the MBH formation, a total number of hidden sources in the universe can be estimated as
where (4/3)π(3ct 0 ) 3 is the cosmological volume inside the horizon ct 0 , n AGN is the number density of AGNs and t AGN is the AGN lifetime. The value t s /t AGN gives a probability for AGN to be observed at the stage of the hidden source, if to include this short stage, t s ∼ 1 yr, in the much longer AGN stage t AGN and consider (for the aim of estimate) the hidden source stage as the accidental one in the AGN history. The estimates for n AGN and t AGN taken for different populations of AGNs result in N HS ∼ 0.1 − 1.
The other independent estimation of the number of hidden sources is coming from the duration of hidden source maximum activity t s ∼ 1 yr and the rotating SMS lifetime t E ∼ 10 7 yr. The ratio of these values gives the fraction of coexisting hidden sources t s /t E ∼ 10 −7 . All described hidden sources inhabit the SMSs and would be a sub-class of bright optical quasars. The number of quasars is estimated from the observational fact that the duration of quasar activity is t E . The fraction of quasars among the galaxies is the ratio of t E and galactic life-time t 0 ∼ 1.5 · 10 10 yr. Correspondingly the number of quasars is N Q ∼ (t E /t 0 )N G ∼ 10 7 , and the resulting hidden sources number N HS ∼ N Q (t s /t E ) ∼ 1 is again consistent with the previous estimation.
Conclusions
A normal galactic nucleus evolves through the number of specific stages toward the MBH formation in it. These stages can be described using as a parameter the growing star velocity dispersion v in the dynamically evolving central stellar cluster:
• Gradually contracting central stellar cluster in galactic nucleus at v < v esc ≃ 620 km/s.
• Collision destruction of normal stars and formation of massive gaseous envelope or SMS at v ≃ v esc .
• Formation of the self-gravitating NS cluster with velocity dispersion v NS ∼ 0.04c due to dynamical friction inside the SMS.
• Formation of stationary rarefied cavity inside the SMS due to frequent NS collisions in the central cluster at v cav ≃ 0.07c.
• Dynamical collapse of the remaining NS cluster into the MBH at v ≃ 0.3c.
• SMS collapse or accretion into the seed MBH and startup of the AGN phenomenon.
The dynamical evolution of a central stellar cluster in the galactic nucleus results in the collisional destruction of normal stars and in the production of massive gas envelope (see Paper 1) or SMS (this work). The surviving subsystem of NSs submerges deep into this SMS and forms a self-gravitating NS cluster. The fast repeating fireballs caused by frequent NS collisions in the near collapsing NS cluster produce the rarefied cavity inside the massive envelope. Colliding shocks generate the turbulent medium inside the cavity, and particles are accelerated by Fermi II mechanism. All HE particles, except neutrinos, are completely absorbed in the thick envelope. In this case the considered source would be a powerful hidden source of HE neutrinos. In all cases the thickness of the envelope is X ∼ 10 9 g/cm 2 , and this condition provides the absorption as X-rays and gammarays. In our model the shock is fully absorbed in the SMS. Since the total energy release in the cavity is much less than the SMS gravitational energy, the system remains gravitationally bound, and in the final end the SMS will collapse or accrete into the seed MBH.
Long time after the neutrino burst, the hidden HE neutrino source is to be seen as a bright quasar in optical region or as a bright IR source. A considered source is a precursor of most powerful AGN, and therefore most of these sources are expected to be at the same redshifts as AGNs. The luminosity L IR ∼ 10 45 − 10 46 erg/s is not unusual for powerful IR sources from IRAS catalog. The maximum observed luminosity exceeds 1 · 10 48 erg/s (Rowan-Robinson et al. 1991) , and there are many sources with luminosity 10 45 − 10 46 erg/s (Sanders and Mirabel 1996) . Moreover, the distance for most hidden sources cannot be determined, and thus they fall into the category of faint non-identified IR sources or distant quasars. Later these hidden sources turn into usual powerful AGNs, and thus the number of hidden sources is restricted by the total number of these AGNs.
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